Background
Introduction
Chronic liver diseases (CLD) are a major cause of morbidity and mortality worldwide. The underlying causes include chronic viral and alcoholic hepatitis, cholestatic, autoimmune and metabolic diseases, all of which can progress to cirrhosis and hepatocellular carcinoma [1] . Patients with chronic liver disease often suffer from unspecific symptoms including fatigue, muscle and joint pain, loss of appetite, digestive problems, anxiety, depression and other emotional problems, which can profoundly decrease their quality of life and well-being [2] . Healthrelated quality of life (HRQL) as a multidimensional concept includes subjective evaluations of domains related to physical, emotional, mental and social functioning in a context of a disease and its treatment [3] . Several studies showed significantly reduced HRQL in patients with CLD compared to healthy controls [4] [5] [6] . In advanced chronic liver disease cirrhosis and its complications such as ascites, spontaneous bacterial peritonitis, hepatic encephalopathy and recurrent variceal bleeding are associated with severe impairments in health-related quality of life [1, 7] . The severity of disease, as determined by stage of fibrosis or Child-Turcotte-Pugh (CTP) scores, but also risk factors leading to chronic liver disease, seem to have a considerable relationship with HRQL [8] . To assess liver injury and therefore the severity and degree of fibrosis in liver diseases, liver biopsy represents the gold standard [9] . This invasive procedure is associated with possible complications and due to sampling errors the biopsy may not completely represent the stage of liver disease [10] . To overcome these diagnostic uncertainties, non-invasive markers of hepatocellular injury and inflammation have been developed. Cytokeratin (CK) 18, an intermediary filament protein expressed by hepatocytes, is proteolytically cleaved during hepatocellular apoptosis. The emerging CK18 fragments are released into the bloodstream and can be detected with the monoclonal antibody M30 by an enzyme-linked immunosorbent assay (ELISA) [11] . Several studies have shown increased serum levels of CK18 in acute and chronic liver diseases but not in healthy individuals [11] [12] [13] . Cytokeratin 18 therefore reflects hepatocellular apoptosis and can be used as marker for non-invasive diagnosis of acute and chronic liver disease [14] . The aim of the study was to evaluate the impact of hepatocellular injury as determined by CK18 levels on the reported health-related quality of life in different non-infectious chronic liver diseases.
Materials and Methods

Patient characteristics
Patients with non-infectious chronic liver disease who were referred to the outpatient clinic of the University Medical Centre of the Johannes Gutenberg University Mainz between January 2014 and June 2015 were included after informed consent was given and analyses were performed retrospectively. Exclusion criteria were malignant disease, sepsis, and previous liver transplantation, myocardial infarction within the last six months or participation in other therapeutic trials.
The etiology of liver disease was determined clinically and following liver histology. Liver cirrhosis was diagnosed based on histological features, laparoscopy, ultrasound or clinical signs including ascites, hepatic encephalopathy, thrombocytopenia, splenomegaly, and laboratory findings indicative of impaired liver function. Liver histology was considered if performed within 12 month of attendance. Additionally, transient elastography (Fibroscan1) was performed at the time of attendance or within three month of the outpatient visit. In patients with NAFLD or NASH fibrosis was determined by calculating the NAFLD fibrosis score if biopsy and transient elastography were missing [15] . Diabetes mellitus, hypertension, hyperlipidemia and the metabolic syndrome were defined according to the definitions of the Joint Scientific Statement for Harmonizing the Metabolic Syndrome [16] . Individual medication was recorded and body mass index (BMI) was calculated by measurement of height and weight (BMI = weight (kg) / height 2 (m 2 )). Obesity was defined as BMI 30 kg/m 2 . Laboratory results were obtained at the time of attendance and were considered missing if not available within a maximum of 30 days.
Ethical consideration
The study was approved by the Ethikkommision der Landesärztekammer Rehinland-Pfalz. All clinical investigation have been conducted according to the principles expressed in the Declaration of Helsinki. Written informed consent was obtained from the participants.
Cytokeratin 18 measurement
CK18 was determined in serum following centrifugation of whole blood at 2000 r/min for 10 min and storage of the serum at −80°C for a maximum of 12 months. Serum CK18 levels were quantified by commercially available M30 Apoptosense1 ELISA kit (PEVIVA, Bromma, Sweden) according to the manufacturer's instructions. CK18 levels >200 U/l were considered elevated according to published data (14) and the manufacturer's report [17] .
Questionnaire
For health-related quality of life (HRQL) the liver disease-specific questionnaire "Chronic Liver Disease Questionnaire (CLDQ)" in the German version was used [18, 19] . The CLDQ-D consists of 29 items on a seven-point Likert scale ranging from 1 (all of the time) to 7 (none of the time) representing the frequency of clinical symptoms and emotional problems associated with CLD in the last two weeks. It is divided into six subscale scores (abdominal symptoms, fatigue, systemic symptoms, activity, emotional functioning, worry) and a CLDQ-D overall score. By dividing each domain score by the number of items in the domain, CLDQ-D results can be presented on a 1-7 scale with 1 indicating worst HRQL and 7 indicating best HRQL. Patients were asked to complete the questionnaire during regular outpatient visit, on the same day blood was taken for analyzing CK18. 
Statistical analysis
Results
Patient characteristics
A total of 150 patients with non-infectious chronic liver disease were included between January 2014 and June 2015. The mean age for the study population was 52 years (range 22-77), of which 64.7% (n = 97) were female. Cholestatic liver disease was the most frequent underlying non-infectious chronic liver disease in 23.3%, including PBC, PSC and overlap syndrome, followed by autoimmune hepatitis in 20.7%. NAFLD and NASH were present in 16.7% and 19.3%, whereas in 10% alcohol-induced liver disease was present. Other liver diseases including drug induced hepatopathy, haemochromatosis, alpha-1 antitrypsin deficiency and BuddChiari-syndrome were found in 5.3%. In 4.7% the underlying CLD was cryptogenic. Etiologies of the underlying chronic liver disease are pictured in Fig 1. Biopsy was available in 54% (n = 81). Demographic data, prevalence of metabolic risk factors, complications and characteristics of liver function in relation to underlying chronic liver disease are presented in Table 1 .
CLDQ in chronic non-viral liver disease
The mean CLDQ-overall score was 5.35 (±1.1) in the patient population. The lowest scores were reported in the subcategory "fatigue" with a value of 4.61 (±1.5), followed by "emotional functioning" 5.30 (±1.2), "systematic symptoms" with 5.45 (±1.2) and "worry" with 5.52 (±1.4). "Abdominal symptoms" and "activity" showed relatively higher values with 5.59 (±1.4) and 5.91 (±1.2). With regards to the underlying CLD patients with cholestatic liver disease showed the lowest CLDQ-D overall score, while patients with cryptogenic CLD reported present the highest score. Etiologies and mean CLDQ-D overall score in relation to the underlying CLD are summarized in Table 2 . Women showed reduced CLDQ-D overall score in comparison to men (mean (SD) 5.24 (±1.0) vs. 5.54 (±1.1), p = 0.04). Especially in the subcategory "systematic symptoms" women exhibited significantly lower scores (p = 0.01). No correlation existed between CLDQ-D overall score and age or BMI. Patients with type 2 diabetes mellitus (15.3%) exhibited a significant reduced CLDQ-D overall score (4.75 (±1.0) vs. 5.46 (±1.0), p<0.001), while the presence of arterial hypertension and hyperlipidemia showed no influence on health-related quality of life. Medication intake, a surrogate of existing comorbidities, significantly influenced HRQL (5.24 vs. 6.01, p = 0.003). Even a prescription of one to three drugs per day (50% of patients) reduced the CLDQ-D overall score in comparison to patients with no medication (13%) (Mean (SD) 5.4 (± 1.0) vs. 6.01 (± 0.7), p = 0.02). Regarding standard laboratory results, no correlations were observed with liver enzymes, platelet counts, albumin, INR or bilirubin. The presence of liver cirrhosis also influenced the reported HRQL. The mean CLDQ-D overall score in patients with liver cirrhosis, which accounted for 27.3% of all patients, was lower compared to patients without cirrhosis (Mean (SD) 5.19 (±1.2) vs. 5.41 (±1.0)), although not reaching statistical significance (p = 0.39). There was no correlation found between CTP or MELD score and CLDQ-D overall score. We observed a reduced overall scores in patients with advanced fibrosis Table 1 . Demographic data, prevalence of metabolic risk factors, complications and characteristics of liver function in relation to underlying chronic liver disease.
Characteristic
Cholestatic liver disease (n = 35)
Autoimmune hepatitis (n = 31) 
Determination of hepatocellular apoptosis in CLD
Cytokeratin 18 (CK18) fragments in the entire cohort were at a median of 206 U/l (IQR 107.0; 378.8). Results of CK18 levels in non-infectious chronic liver disease in relation to patient characteristics and laboratory results are summarized in Table 3 . Interestingly, BMI influenced serum CK18 significantly as patients with higher BMI exhibited higher values of CK18 (r = 0.29, p<0.001) and obesity correlated with CK18 levels (p<0.001) across all disease entities. The frequency of obesity in the different etiologies of liver disease is display in Table 4 . No association was observed with regards to age, the presence of diabetes type 2 or arterial hypertension, while hyperlipidemia was also associated with significantly higher CK18 levels (p<0.001). Highest scores were observed in patients with NASH (Median (IQR) 475.7 U/l (266.0; 605.9), while cryptogenic liver disease showed the lowest scores ((Median (IQR) 101.1 U/l (87.6; 147.5), which was statistically significant (p<0.001). Etiologies and mean CK18 values with regard to the underlying CLD are summarized in Table 2 . In patients with liver cirrhosis CK18 levels were significantly higher than in patients without underlying cirrhosis, although levels of CK18 did not discriminate between the CTP categories. However, CK18 levels differed significantly with regards to the presence or absence of advanced fibrosis (p = 0.004) and the highest CK18 levels were observed in advanced fibrosis. Furthermore the presence of inflammation influenced the amount of CK18. Patients with histologically-defined high-grade inflammation (n = 23) exhibited significantly higher serum CK18 levels in comparison to patients with low-grade inflammation (n = 49; median (IQR) 529.8 (389.4; 667.1) vs. 178.6 (103.6; 265.5), p<0.001). In univariate variance analysis a significant association between inflammation and CK18, independently of the underlying disease, was observed (p<0.001). With regards to standard laboratory results, a positive correlation of CK18 and aspartate aminotransferase (AST) (r = 0.47, p<0.001) and alanine aminotransferase (ALT) (r = 0.48, p<0.001) was observed (Table 3) . Patients with higher MELD scores and therefore reduced liver function showed significantly elevated CK18 (r = 0.18, p = 0.03).
Women exhibited lower levels of CK18 compared to men (p = 0.047). In subgroup analysis there were no gender specific differences in age, BMI, presence of type 2 diabetes mellitus, arterial hypertension or hyperlipidemia. Regarding fibrosis stage, women presented with a lower grade or no fibrosis more often (p = 0.027). Also, Child-Turcotte-Pugh (CTP) was significantly different (p = 0.026), as 76% of women had no cirrhosis in comparison to 66% of men. CTP stage C was not present in women.
Role of hepatocellular apoptosis on the reported quality of life
To asses a potential influence of the degree of hepatocellular apoptosis on the HRQL, CLDQ-D and CK18 were correlated. There was a significant negative correlation of CK18 and the health-related quality of life (r = -0.16, p = 0.048). The analysis of the subcategories of the CLDQ showed a significant correlations between "worry" (r = -0.21, p = 0.01) and "fatigue" (r = -0.17, p = 0.04) with CK18. No correlation was observed between CK18 and "abdominal symptoms", "systemic symptoms", "activity" and "emotional functioning".
Non-cirrhotic liver disease
In a subgroup analysis we examined patients without cirrhosis (n = 109). In this subpopulation there was no significant correlation between CK18 and QOL (r = -0.136, p = 0.16), only in the category "fatigue" a negative, significant correlation (r = -0.214, p = 0.025) was observed. CK18 was associated with the stage of fibrosis (Median (IQR) high grade: 464.6 (178.6; 552.7) vs. low grade: 172.4 (100.0; 311.9); p = 0.005) and the amount of inflammation (Median (IQR) high grade 565.3 (475.7; 667.1) vs. low grade: 140.2 (92.7; 244.8); p<0.001). In this subpopulation there were also significant correlations between CK18 and BMI (r = 0.364, p<0.01), obesity (p<0.001) and hyperlipidemia (p<0.001).
Non-NASH/NAFLD patients
96 patients without NASH/NAFLD were analyzed. In this subgroup an association between CK18 and CLDQ (r = -0.219; p = 0.032) was observed. CK18 was associated with the 
Discussion
Chronic liver disease exerts considerable negative impact on the patient's health-related quality of life [4] [5] [6] . In the current study we used the German version of the Chronic Liver Disease Questionnaire (CLDQ) as a validated liver disease-specific instrument for determining HRQL [20] . So far, there have been only few studies to examine HRQL in chronic, non-viral liver disease and most studies were performed in patients with chronic hepatitis C or in patients with advanced liver disease [5] . In a large German cohort with 524 patients suffering from advanced CLD on the transplantation list mean CLDQ-overall score was 4.62 (±1.2) [18] . Jara and colleagues detected an overall score of 5.04 (±1.1) in their study performed on 142 German patients evaluated for liver transplantation [21] . An overall score of 4.69 (±1.3) was found in the study of Hauser et al. with 203 patients suffering CLD in a referral hospital [19] . In our cohort, the overall score was 5.35 (±1.1), representing a higher perceived HRQL in comparison to these other German studies. The most likely reasons are the exclusion of patients with viral hepatitis, the outpatient setting and the lower rate of cirrhosis in the currently studied cohort in patients with early liver disease not on the transplant list. In the current analysis, the most frequently reported symptom was "fatigue" which is comparable to the previous studies [18, 19, 21] . In assessing the role of gender on HRQL, our data show that female patients with CLD had more severe HRQL impairment than male patients. These findings are similar to the study of Afendy and colleagues [8] but were not replicated in other studies on the influence of gender and HRQL [21] [22] [23] . Medical treatment and therefore comorbidities are associated with an impaired HRQL. Even a drug intake of one to three drugs per day already reduced HRQL in our cohort. Previous investigations showed similar results [5, 24] . The presence of type 2 diabetes mellitus influences HRQL in patients with chronic liver diseases. This is in concordance with studies that demonstrated a reduced HRQL in patients with type 2 diabetes mellitus in the general population [25, 26] . No association was found with arterial hypertension, hyperlipidemia and obesity. Considering the cause of liver disease, patients with cholestatic liver disease showed the lowest overall scores and patients with cryptogenic CLD or NAFLD presented the highest score, although data did not reach statistical significance. Underlying cause of liver disease does not influence the HRQL [5, 24] . However, HRQL appeared to be dependent on disease severity and an inverse correlation between HRQL and CPT has been reported [2, 21, 24] . It has also been shown that CLDQ-D reliably detects differences in HRQL between non-cirrhotic and patients classified as CTP stage C, but not between single CTP classes [19] . In our cohort we observed a reduction in CLDQ-D overall score in patients with liver cirrhosis in comparison to patients without cirrhosis, although the results did not reach statistical significance. In addition there was no difference between HRQL and CTP score. Considering the small number of patients with cirrhosis (n = 41) in the current analysis, with 24 presenting with CTP stage A, 14 CTP stage B and only 3 patients with CTP stage C, the failure to validity of this result is limited. Furthermore it should be taken into consideration that all patients attended in an outpatient setting, which may have a strong influence in the perceived HRQL. Parameters of liver function showed no direct impact on patients' quality of life, which is similar to the findings by Jara et al. [21] . Furthermore we found no correlation regarding MELD Score, which is also reported by several previous studies [8, 22, 27] . In contrast to the CTP score an increasing MELD does not seem to be related to quality of life since encephalopathy and ascites are factors that contribute to CTP score, but not to MELD. Cytokeratin 18 is known as a cell death biomarker, which reflects the degree of hepatocellular apoptosis and can be used as non-invasive marker in acute and chronic liver disease [14] . Several studies have analyzed CK18 in different chronic liver disease and healthy controls, including chronic viral hepatitis [14, 28] , autoimmune hepatitis and cholestatic liver diseases [12] , as well as NAFLD and NASH [11, 29] . CK18 has been extensively studied as a biomarker of NASH and has been shown to be able to distinguish simple steatohepatitis from hepatic steatosis [30, 31] . Of all patients with CLD, patients with NASH exhibited the highest CK18 levels in our cohort. Also, CK18 differentiated between NAFLD and NASH. In the current analysis a positive correlation of CK18, BMI and obesity was demonstrated. The subgroup of patients with non-NAFLD liver diseases (n = 96) exhibited no correlation of CK18 and obesity. However, a high percentage (64.7%) of obese patients was suffering from NASH/NAFLD (Table 4) .
In non-NAFLD liver diseases, only 18 patients were obese. This subgroup was too small to be further analyzed for an association of obesity and CK18 and will have to be studied in future trials. Interestingly, women had significant lower CK18 values compared to men. While there were no gender specific differences in metabolic factors, we found differences regarding the disease stage. Women presented with lower grades or no fibrosis more often and CTP was significantly different, as 76% of women had no cirrhosis in comparison to 66% of men. Additionally, CTP stage C was not observed in women. This was likely related to the underlying liver disease. In the study population women suffered more often from cholestatic liver diseases-a total of 74% were female-and autoimmune hepatitis, with 90% being female. On the contrary, men presented more frequently with alcoholic liver disease-in this group, 73% were male. On univariate variance analysis the underlying disease, but not gender influenced CK18.
With regards to liver function, transaminases and γ-glutamyltransferase showed an association with CK18 levels, as previously described [11, 32] . CK18 differentiates between the presence of hepatic cirrhosis, but not CTP classes. Yagmur et al. reported similar results and confirmed our observation that MELD and CK18 are positively correlated [33] . In accordance with previous studies, CK18 was a marker for the presence of liver fibrosis in our cohort [14, 34] . There was a positive correlation between histologically graded inflammation and CK18, as previously described [35] .
Interestingly, subgroup analysis of non-cirrhotic participants showed no correlation between CK18 and HRQL. This is likely related to additional complications in cirrhosis, e.g. portal hypertension that can impair the HRQL. In patients without cirrhosis, CK18 was associated with the stage of fibrosis and the amount of inflammation as well as BMI, obesity and hyperlipidemia. This may be influenced by the underlying liver disease, since 40% of non-cirrhotic patients suffered from NASH/NAFLD. In the non-cirrhotic study population, a high proportion of liver disease was related to NASH/NAFLD, which exhibited an association of liver damage (CK-18) and comorbidities, e.g. obesity and hyperlipidemia, but did not show a correlation of CLDQ and CK18. The existing discrepancy of high levels of liver injury and but lack of symptoms and impairment in the quality of life in non-cirrhotic NASH/NAFLD patients puts these patients at particular risk to progress to more advanced disease stages unnoticed. Additionally, the adherence to recommendations concerning life-style changes, medications or screening procedures are potentially lower compared to symptomatic patients.
In the current analysis we observed a weak, negative correlation between Cytokeratin 18 levels and HRQL, reflecting that the degree of hepatocellular apoptosis in patients with chronic non-viral liver disease-among other factors-impairs the quality of life. Previous studies have demonstrated that the severity of disease, determined by stage of fibrosis or CPT scores, is correlated with the HRQL [8] . It remains to be determined if hepatic inflammation and cytokines are the responsible for the loss of quality of life. However, reduction of hepatocellular injury has to be considered a key treatment goal, to achieve an improvement of health-even beyond liver related outcomes. 
Supporting Information
